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INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF 28 COMBINATIONS
IN THE N. A. C. A. VARIABLE-DENSITY TUNNEL

By ALBERT SHERMAN

SUMMARY

Tests of 28 wing-fuselage combinations were made in
the variable-density wind tunnel as a part of the wing-
fuselage interference program being conducted therein and
in addition to the 209 combinations previously reported in
N. A. C. A. Report No. 540. These tests practically
complete the study of combinations with a rectangular
fuselage and continue the study of combinations with a
round fuselage and a tapered wing.

INTRODUCTION

An extensive wing-fuselage interference investigation
has been undertaken in the N. A. C. A. variable-density
wind tunnel as the second phase of a general program
designed to cover the problem of interferemce. A
discussion of this program is included in reference 1,
which presents the basic part of the wing-fuselage inter-
ference investigation and contains test results for 209
combinations.

The present paper is a continuation of reference 1
and presents the results for some 28 additional wing-
fuselage combinations that were indicated by the
program outlined therein. The present tests prac-
tically conclude the study of combinations with a rec-
tangular fuselage and continue the study of combina-
tions with a round fuselage and & tapered wing.
Future reports will cover further phases of the wing-
fuselage interference investigation.

MODELS AND TESTS

The models employed for the combinations tested
herein were those used in reference 1; they are the
N. A. C. A. 0012 and the N. A. C. A. 4412 rectangular
wings, the tapered N. A. C. A. 0018-09 wing, the
round- and rectangular-section fuselages, the 9-cylinder
radial engine, and the engine cowling. Xillets were
carefully made up of plaster of paris as required.

The tests were of connected combinations only, 28
in all (see table V and figs. 8 to 11), and covered the
effect of vertical displacement of the airfoil from the
fuselage axis, k/c (see reference 1), the effect of fillets
on various wings in combinations with. the rectangular
fuselage, and the effect of fillets and of a cowled engine
on round-fuselage, tapered-wing combinations for vari-
ous vertical wing positions. The wings were sef in
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combination at only one longitudinal location, d/c=0.
and at zero incidence, 7,=0. (See figs. 1 to 7.) It
ghould perhaps be mentioned here that the N. A. C. A.
4412 airfoil, because of its negative angle of zero lift,
might be considered as having been at a positive angle
of incidence, relative to the symmetrical airfoils.

The tests were run in the variable-density wind
tunnel (reference 2) at a test Reyrolds Number of
approximately 3,100,000. In addition, values of maxi-
mum lift were obtained at a test Reynolds Number of
approximately 1,400,000. The testing procedure and
test precision, which are very much the same as for
an airfoil, are fully described in reference 1. Since
the tests of reference 1 were made, however, a small
additional correction of less than —1 percent has been
applied to the measurement of the dynamic pressure ¢
as standard procedure to improve the precision of the
results.

RESULTS

The test data are presented in the same meanner as
those of reference 1, in which the methods of analysis
and presentation of the results are fully discussed.

Tables I and II present the characteristics of the
wing and fuselage models separately (reference 1).
Table III (continued from reference 1) presents the
interference of the 28 wing-fuselage combinations.
Table IV of reference 1 is not continued herein as no
additional tests of disconnected combinations were
made. Table V (continued from reference 1) pre-
sents the aerodynamic characteristics, combination
descriptions, and profile diagrams of the combinations.
In the present report, however, new values of the
effective Reynolds Numbers at C;, are given as a
result of a new determination of the turbulence factor
for the tunnel. The present turbulence factor for
the variable-density tunnel is taken as 2.64, whereas a
value of 2.4 was used in reference 1. The combina-
tions in this report can be compared, however, with
those in reference 1 on the basis of the test Reyrfolds
Numbers, which remain the same.

Figures 1 to 7 show the polar characteristics of the
interesting combinations investigated together with
those of some combinations taken from reference 1
for comparison.
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DISCUSSION

Combinations with rectangular-section fuselage.—
It was shown in reference 1 that the rectangular-
section fuselage bad a higher minimum drag than the
round-section fuselage and that its drag, moreover,
increased much more rapidly with angle of attack
(table IT). It was also shown, however, that when in
combination with a wing the rectangular fuselage
produced only a slightly greater drag increase with
angle of attack than did the round fuselage, so that
in its case the drag interference was generally more
favorable. (See tables II and ITI.)

Low-wing combinations with the rectangular fuselage
had generally better wing-root junctures than corre-
sponding unfilleted combinations with the round fuse-
lage; there was less tendency to an early breakdown
of the flow (see fig. 1), which is known as an “inter-
ference burble’” (reference 1). Where an interference
burble does occur for a combination with the round
fuselage, substitution of the rectangular fuselage might
result In a later-burbling combination having a drag
almost as low as with the round fuselage and some-
times even lower (fig. 1).

Similar low-wing combinations with either fuselage
showed approximately the same maximum lifts, but
for midwing combinations with a rectangular wing
the rectangular fuselage gave higher values.

Figure 2 shows the effect of the wing vertical position
for the rectangular N. A. C. A. 0012 airfoil with the
rectangular fuselage. As might be expected, there was
little difference for combinations having the wing sec-
tion wholly within the fuselage (tables ITT and V). The
connected low-wing combination that exposed the
leading edge of the wing exhibited an early flow break-
down but, surprisingly, no higher minimum drag than
the others. The disconnected combination, in which
no portion of the wing was shielded by the fuselage, had
both a higher drag and higher maximum lift.

The rectangular fuselage had somewhat different
interference when combined with differently shaped
wings (table III). As previously shown in reference 1,
the rectangular symmetrical N. A. C. A. 0012, the
tapered symmetrical N. A. C. A. 0018-09, and the
rectangular cambered N. A. C. A. 4412 wings were
sensitive to the interference burble in the order named.
This effect is very well demonstrated in figure 3, in
which the thrse wings, combined in the ounly vertical
position investigated that showed large interference,
are compared. (See fig. 2.)

Fillets ou rectangular-fuselage combinations had only
a very small effect for the combinations investigated
(tables ITI and V). Such a result was to be expected
from the discussion in reference 1, which stated that
fillefs had only & small effect on combinations that were
already fairly satisfactory.

Combinations with the round fuselage and tapered
wing.—Figures 4, 5, and 6 present the polar character-

istics of the tapered N. A. C. A. 0018-09 wing combined
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with the round fuselage in various vertical positions
both with and without fillets. The low-wing, unfilleted
combinations exhibited characteristic interference
burbles occurring progressively earlier as the wing was
moved downward. Fillets eliminated this condition
but the increase in minimum drag, as the wing departs
from the midwing position, that operated for the un-
filleted combinations, held for the filleted combinations
(table V). In the midwing and high-wing positions,
fillets had very little effect except where an early inter-
ference burble at negative lifts produced an increase in
the minimum drag. For such a combination, fillets
served to reduce the minimum drag by eliminating
the causative burble (fiz. 4). Maximum lifts, as in
most other combinations, were higher for the high-
wing than for the low-wing positions whether or not the
wing junctions were filleted. )

The effect of a cowled engine at the nose of a tapered-
wing combination is compared in figure 7 with a similar
combination with a rectangular symmetrical wing. In
the low-lift range, before the interference burble for
the rectangular wing occurred, the effect for both wing
shapes was practically identical. The tendency of a
cowling toward suppressing the interference burble was
evidently effective, and the polar curves for both
cowled-engine combinations are virtually the same.

If the “speed-range index,” the ratio of the maximum
Lift to a high-speed drag (see reference 1), be used as a
criterion for comparing the combinations investigated
in this report, the rectangular fuselage combined with
the rectangular N. A. C. A. 4412 airfoil in a connected
high-wing position would appear surprisingly good,
inasmuch as it has one of the highest indexes of the
combinations without high-lift devices investigated
thus far. This combination does not have an excep-
tionally low drag coefficient, but the maximum lift
coefficient is unusually high. If consideration be given,
however, to the employment of various high-lift de-
vices, the relative merit of the combinations may be
changed and the minimum drag coefficient be shown
to have much greater weight. Other favorable com-
binations in this report are the high-wing, rectangular-
fuselage, tapered-wing combination and the midwing
and semihigh-wing, round-fuselage, tapered-wing com-
binations with fillets.

Lanvarey MuMORIAL AERONAUTICAL LLABORATORY,
Nartionar Apvisory COMMITTEE FOR ABRONAUTICS,
Lanerey Fierp, Va., March 12, 1936.
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TABLE I.—AIRFOIL CHARACTERISTICS
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Alrfoll c, Co, Co c, Cb, Cau c, c,, Cop
am=(° a=4° am=]2°
Rectangular N. A. C. A. 0012 ooooeeeo. 0.000 | 0.0080 | 0000 { 0307 | 0.0087 | 008 | 0920 | o010 | o004
Tapered N. A. O. A. 001800 ———-—---—"—- 000 | .0093 . 000 2305 | 0080 - 006 010 | o146 S013
am= —4° a=(® am§®
Rectangular N. A. C. A. 4412 —0.008 | 0.0097 | —0.089 | 0.208 | 0.0005 | —0.087 | 0.800 | o.0135 | —0.08¢
TABLE II.—FUSELAGE CHARACTERISTICS
Fuselage Engine a | e e, | al| olc,|al| o el | |G| al o]
a=0° Camte amg® a=12° am16°
0.000 | 0.0041 | 0.000 | 0.001 | 0.0042 | 0.016 | 0.005 | 0.0049 | 0.028 | 0.011 | 0.0082 | 0.035| 0.010 | 0.0085 [ 0.038
000 | .o1e9 | .o00| .oon| .omer| .o15] .oo4| o200 .027! 008 | .oz6| 087 | .015| .02t | .om1
000 | ‘ooea | 00| -oos| loora| o13| o17| ooss| o25| 028 | oms| os65| od0| sotes5]| .o
000 | coodo | -ooo| -oos| -oost| -oo9| -oi4| ooes | ows| o2s| locer| oie{ odo| lowst| o015

1 Pltehing-moment coefficlent about the quarter-chord point of the fuselage.

TABLE III.—LIFT AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING MOMENT AND
INTERFERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS

Combination AC, ACp, ACa ACy ACp, ACa AC, ACp, ACa
am(® a=4° a=l2®
—0. 0. 0043 0.003 0. 001 0.0046 0.007 0.038 0. 0078 0.015
.014 . 0045 . 002 .02 . 0045 . 005 .058 . 0087 .014
.002 . 0055 . 005 . 009 . 0067 . 007 .033 . 0073 .011
.013 . 0044 —.003 .027 . 0045 . 002 . 057 . 0064 . 004
—. 014 . 0045 —. 002 .001 . 0051 .002 —. 047 .0368 —.012
—. 002 . 0055 —. 005 .003 . 0082 —.002 . 009 .0083 —. 004
—, 009 . 0042 —. 002 .015 . 0043 . 005 .049 . 0058 .009
—.015 . 0045 . 005 —.002 . 0045 .009 .038 0073 .015
.015 . 0045 —. 005 .083 . 0042 —. 001 .068 . 0061 —.001
a=—4° a=(° am=g®
—0.023 Q. 0037 —~0. 004 0. 003 0. 0034 0 038 0.0057 0.010
- . 0044 —. 004 .018 . 0038 0 . 056 . 0045 009
—. 019 . 0048 ~—.010 —.002 . 0044 —. 0056 027 . 0053 .002
—.025 . 0050 —. 012 —.010 . 0045 —. 008 .020 . 0070 .002
—-.027 . 0049 —. 008 —. 000 . 0043 —.002 .035 . 0054 ou
—. 008 . 0039 —. 0056 .018 . 0041 0 .053 . 0050 . 009
a=0° am4°® a=12°
—0.008 0. 0032 0. 005 -0.001 0. 0035 0.008 0.021 0. 0064 0.019
. 002 . 0038 . 004 . 008 . 0038 . 008 .033 . 0063 .015
. 008 . 0032 —. 006 024 .0034 —.003 .044 . 0055 .002
-—. 003 . 0036 —. 004 . 009 . 0039 —.002 017 . 0081 . 002
.003 . 0033 —.003 022 0038 .004 048 . 0059 .011
. 003 . 0024 —. 003 .023 0024 .008 042 . 0040 .012
.022 . 0031 0 .029 . 0033 002 .058 . 0048 .010
.013 . 0051 . 007 .009 . 0043 .011 .013 . 0038 .025
046 . 0043 0 .054 . 0048 Q .07 .0070 .004
.022 . 0031 0 . 001 . 0032 . 006 .03 . 0044 .010
-.013 . 0051 —.007 —-.012 . 0077 —.004 —.102 L0448 —. 022
—. 048 . 0043 0 —. 031 . 0041 .001 —.017 . 0058 —. 001
. 002 . 0048 —.008 .025 . 0056 .004 . 055 L0117 017
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS

Lift-
g opes 1o | e | B0 | S0 | Erea It B
Diagrams representing g Remarks posi- | posl- {satting| (pec de- cienc;y o, C, center | Cm a Inter-| alec- e
- - - ti t1
combiriations g ton | tio iw | gree) a | factor | e |position ) %3%01: R Noo| R Nom
=] dfe kfe A Rm= '3 1o 1C 8.2x10%|3.7x10¢
S 6.86 Ly
Rectangular N. A. O. A. 0012 air{oi! with rectangular fuselage
| Degrees
| Wing alone. 0.077 0.85 | 0.0080 0.00 | 0.010 ) 0.000 | A1,5] o1.54 |[21.39

a0 3 |mo oo0| 0.28| of .os0| .s0| .oi2s| .cof .om| .03 aL3|v133[|b12
zn® 21 0 3] o .os0| wss| .oi26f .07 .o21) .o0fears4|erdo|ers2

212 | Thin connecting plate
212 (sameascombination®..| 0 | .8| 0| .om| .85 | .| .o4| .01 .005| AL6| 164 cL.d0
as_ v |m o |-2s| of .oso| .s5[.o2s| .00| .om[—008| ar4|srar|srz
214® 214 o |—s4| of .os0| uso| .o1%8| —o7| .o18{—001| 26| ot4sfer3s

315<:/| 215 | Same as comblnation 212...| 0 | —.54 o| .o| aso| .o136| —os| .018|—.005| Ar6| eL60 o148
218 216 | Tapered fllots. ... L 0 00! ol .ost| .ss| .om| .o0| .o24| 000} ans|oersz|era

ar o |47 |t 0 28| o .os1| sso| .o2| —os| .oz=| .oms| ar3|bL30|en33
218® 218 |__do o |—2:] of .os2| .ss| .o122| .o8| .om|—005] Av4| otds o143

Rectangular N. A. C. A. 4412 airfoll with rectangunlar fuselage

.| Wing alone .078 .90 . 0004 .22 .008 | —.088 ALG| s1.64 =15t

21© 210 o | o2s| "ol .| svas| .mm| .30 .o8|—00| avL7|sn72{et62
O 220 0 2| of .eso| soo| .o1| 31| .o8|—0m| ane|sres|srer
2 |- o |[—30| of .osol uss| .o .22| .om|—0s8| are|erer|erer
© 292 0o |—s| of .oso| 85| .om2| .24 .om|-101] 212 b1er|sn07
223 «==—> ) | 28 | Tapered fillets. - 0 .00 ol .osu! ass| .omz| .20] .o24|—.085] A1e] w160 |sLs7

224C> 224 | Leading-edge fillets _.____- 0 4| o .oso| 490 .o .15| .018|—08| AL6{ 067 [s100

Tapered N. A. C. A. 00180009 airfoll with rectangular fuselage

..... ‘Wing alone. 077 .90 | .0083 .00 .020 000 Al4) °oL48 (01,23

(o o | o |ozm| ol .om| .ss| .om24| .o0| .o30| .005| are| ot62|s134
m® 228 0 | of .om| .ss| o8| —o1| .om| .ot Ars|erdo|era

t Letters refer to types of drag curves assoclated with the interference burble. See footuote 1, p. 7,
1 Lotters refer to condition at maximum lif¢ as follows: *, reasonsbly steadyat Cz__ ; », small foss of lift beyond Ci__,: ¢, large loss of lift beyond Ct_,, and uncertain

valueof Cr_, .. .
: 11;oor agreamon: in hi; ;e range.
00r agreement over W range.
$Toora high-lift range.

ﬁee.mant in
¢ Rapid Increass in drag preceding definite breakdown.
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS—Continued

‘o’ ] | | o e .
= tudina g | slope - | ¢ namic- Jif

b eomb{:gtlonsung 3 Remarks post- | posl- |setting](per de-| clency | ~Pe.;,| €y | conter C"o attagntg: eﬂgg- agsg-
Z ton | tlon | 4. |gree)a| factor *?" |podition burble | R. N=| R. N
g dfe ke A.R=| e o 1CL,, |82x108|3.7x10¢
K 6.88 ©

Tapered N. A. O. A. 00180009 airfofl with r;actangular fuselage—Continued

227 0 -.22 1] .080 .80 | .0124 .00 02T | —003| AL5| oL5L|=L27

@ 28 o |—3| o .om| «so| .oms| .o1| .oz|—o00t] mo[ar2e|er10
zae 229 | Tapered fillets.—__.______. 0 00| of .om| .s5] .oi2r| .00| .o30| .00| 215| crLs3|er28

Tapered N. A. C. A. 0018-000 airfoil with round fuselage

230 230 | Tapered fillets __.._.______ o |oo| o .| sss| .our| .o0f .o2z8| .000| an5| orma{srm

231 do 0 .22 0 .07 .85 | .0124 .00 .023 | —001| A6 o165 |=1.37

m@ 22 (... 0 .34 o| .os| .s5| .omo| .17| .034] .006| are| ore1|s131

@ 238 | Tapered fllets . _.__._.. o | .a| of .om| .s5|.om5| —or| .02 |—03| 216 | oree|erss
284 e > Bt |do o |-z of .os0| seo| .o2¢| .00| .0%| .001| ALg|cLs8|er2

m@ 236 | Tapered fillets_____.____.__. 0 | —3 of .080| 00| .0135| .o7| .024| .008| ALH| cLbt[sL2
Tapered fillets and cowled
237 B | engine oo 0 .00 o .oso| .sof .om2| .oof .os0|—o003|ears|crss{eres

! Lottars refer to types of drag curves assoclated with the interference burble as follows:

Ga- G, i
G, J G, ; a.l i
G.
[
Iype C

& G
Type A Type B
* Lotters refer to condition at maximummn lift as follows: =, reasonably steady at CL,,,; b, smsll loss of lift beyond Cr_,,; ¢ large lossoflitt beyond Cr_,, and uncertain
value of Cr .
3 Poor agreement in high- range.
4 Poor agreement over whole range.

$ Poor 8 ment in high-lift range.
¢ Rapld inerease in drag preceding definite breakdown.
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FIGURE 10.—Combination 234 (combination 231 Inverted) showing tapered fillats,

F1aURE 8.—Combination 229, showing tapered fillets.

FiGURE 9.—Combination 224, showing a leading-edge fillet In the shape of a F1GURE 11.—Combination 237 showling a cowled engine and tapered fillets.
windshield




